Background: Neonatal sepsis (NS) is an important cause of morbidity and mortality among newborns. Its diagnosis depends mainly on blood culture that takes at least 48 hours to give results. Therefore, searching for biomarkers for early diagnosis is of value. We aimed to assess presepsin, soluble triggering receptor expressed on myeloid cells (sTREM-1), and neutrophil CD64 (nCD64) as early diagnostic biomarkers in NS, and to compare them individually and in combination. Methods: This hospital-based case-control study has been conducted on 60 full-term neonates recruited from the neonatal intensive care unit, Al-Zahraa Hospital, Al-Azhar University, Cairo, Egypt. Thirty infants with sepsis were compared to 30 postnatal age-and sex-matched healthy controls. Studied neonates were evaluated using clinical and laboratory indicators for sepsis. nCD64 was measured by flow cytometry and, serum presepsin and sTREM-1 were measured by ELISA. Results: Presepsin, sTREM-1, and nCD64 levels were significantly elevated in septic neonates vs control group (P<0.05). The sensitivities of presepsin, sTREM, and nCD64 were 100%, 96.7%, and 86.7%, respectively. Presepsin had the best diagnostic performance in early diagnosis of NS followed by sTREM-1 and nCD64. Conclusion: Presepsin and sTREM-1 are promising biomarkers in screening for NS in comparison with nCD64. However, nCD64 is better used in combination with other biomarkers as CRP.
Introduction
Neonatal sepsis (NS) is a clinical syndrome occurring in infants ≤28 days of life, characterized by symptoms and signs of infection with or without accompanying bacteremia. 1 Sepsis is a global health problem as it is an important cause of morbidity and mortality among newborn infants. The overall incidence of NS ranges from 1 to 5 cases per 1,000 live births in developed countries, compared to 49-170 per 1,000 live births in some population-based studies in the developing countries, with case fatality rates ranging from 2% to 60%. 2, 3 In Egypt, around 80% of early childhood deaths take place before a child's first birthday, with slightly more than half (52%) occurring during the first month of life. The neonatal mortality rates were 14 deaths per 1,000 births. 4 Early diagnosis of sepsis is a clinical challenge as the clinical symptoms of NS are subtle, late, and nonspecific. Blood culture is still the gold standard for the diagnosis of sepsis, but minimum 48 hours is required for the earliest result and it can be negative in spite of clinical signs of sepsis. Delaying the treatment of a bacteremic infant leads to an increase in mortality while starting antibiotic therapy to every infant in the presence of clinical suspicion causes antibiotic overuse and resistance in addition to nosocomial infections because of unnecessary hospitalization as well as separation from parents. Thus, there is an urgent need for early diagnostic accurate markers of sepsis so that timely and appropriate use of antibiotics can be initiated leading to better outcomes. 5 Neutrophil cluster of differentiation 64 (nCD64) is a high-affinity biomarker that binds to immunoglobulin G. It is normally expressed on monocytes but in cases of infection or inflammation, CD64 is normally expressed on monocytes but in cases of infection or inflammation , it is upregulated rapidly on neutrophils under stimulation by inflammatory cytokines. 6 Quantitative measurement of nCD64 expression has been suggested as a diagnostic biomarker of NS. 7 Among the promising biomarkers is the presepsin (sCD14-ST). It is a specific, high-affinity receptor for complexes of lipopolysaccharides and is involved in the recognition of a wide variety of bacterial products, such as peptidoglycans, the major cell-wall component of Grampositive bacteria. Following its stimulation by pathogens, a soluble CD14 subtype called presepsin is released by shedding from the surface of the membranes of various immune cells, such as macrophages, monocytes, and neutrophils. 8 The triggering receptor expressed on myeloid cells-1 (TREM-1) is a glycoprotein member of the immunoglobulin superfamily that mediates the acute inflammatory response to microbial products. TREM-1 is shed from the membrane of activated phagocytes and can be detected in a soluble form in serum and body fluids (sTREM-1).
9 sTREM-1 levels are not detectable at baseline in normal individuals. 10 It is an important signaling receptor that magnifies the inflammatory reaction by elevating pro-inflammatory cytokines and blocking interleukin (IL)-10 syntheses. 11 The aim of this study was to investigate and compare the utility of nCD64, presepsin, and sTREM-1, as early diagnostic biomarkers of NS individually and in combination to determine the most useful marker(s); hence, proper timely treatment could be initiated to reduce the consequences of sepsis.
Materials and methods study design
The current study was a prospective hospital-based case-control study carried out during the period from June 2017 to March 2018 at Al-Zahraa University Hospital (Cairo, Egypt).
study population
A total of 60 full-term neonates according to New Ballard score were recruited in this study. 12 Thirty of them were considered clinically to have sepsis (case group) on the basis of sepsis score reported by hematological scoring system (HSS) and modified clinical sepsis score by Töllner. 13 The threshold for HSS and Tollnar scores were ≥3 and ≥10, respectively. 13 They were admitted to neonatal intensive care unit (NICU) at Al-Zahraa University Hospital and subdivided according to the onset of developing sepsis into early onset sepsis (EOS) (17 neonates) and late onset sepsis (LOS) (13 neonates) groups.
A group of 30 postnatal age-and sex-matched newborns, with normal physical examination and no clinical findings of sepsis were chosen as control group. They were selected from the outpatient neonatology clinic coming for follow-up.
Neonates with major congenital malformations, chromosomal abnormalities, and fetal hydrops were excluded from the study.
sample size calculation
Sample size was calculated using EPI Info™ version 7 (US Centers for Disease Control and Prevention, Atlanta, GA, USA) according to the annual flow at the hospital and prevalence of NS (3.2%) as there was wide variability of infection rates in the NICUs ranged from 3.2 to 30 per 100 admissions or discharges using a 5% margin of error, confidence level of 95%, and response distribution of 80%. 14 Written informed consent was obtained from the parents of each neonate. The study protocol was approved by the local Ethics Committee of AL-Azhar University, Faculty of Medicine (for Girls), and all procedures were in accordance with the Helsinki Declaration.
all neonates in the present study were subjected to the following flow cytometry was performed on EDTA peripheral blood specimens obtained before the administration of any treatment and analyzed within 24 hours of collection. It was conducted using four colors FACS Calibur (BD Biosciences, San Jose, CA, USA). Cell Quest Pro software (BD Biosciences) was used for data analysis. Compensation setting was established before acquiring the samples using color calibrite beads (lot no. 5093879, BD Biosciences). After adjusting the sample count for acquisition, unstained samples were acquired to detect the sample autofluorescence. Isotype controls, mouse IgG1 fluorescein isothiocyanate (FITC) control, and mouse IgG PerCP control were obtained from BD Biosciences for the detection of nonspecific binding.
For each sample, 50 µL of EDTA blood was stained by FITC-conjugated anti-human CD64 (Immunotech, lot no. 44, cat. no. IM1604U; Beckman Coulter, Marsellia, France) and peridin chlorophyll protein complex (PerCP)-conjugated anti-human CD45 (lot no. 6039924 clone (2D1), cat. no. 345809, BD Biosciences). The optimal concentration was determined for each antibody by titration experiment.
After 15 minutes of incubation in the dark, each sample was washed, centrifuged, and lysed using BD FACS LYSE (cat. no. 550811, lot no. 5329747; BD Biosciences). Then the samples were washed and resuspended in 200 µ FACS buffer (cat. no. 550811, lot no. 5329747; BD Biosciences). VII. Gating strategy: using CD45 and side scatter (CD45/ SS), initial gating was performed on neutrophil area in the dot plot graph ( Figure 1A ). Data were expressed as mean fluorescence intensity of nCD64 using single histogram ( Figure 1B ). VII. Measurement of serum levels of presepsin and sTREM-1: the serum for measurement of presepsin and sTREM-1 was kept at -20°C until analysis. Serum presepsin and sTREM-1 were measured by ELISA (cat. no. 11141; Glory Science Co., Ltd, Hong Kong, China and cat. no. E0310Hu, Biotech Co., Ltd, Shanghai, China) respectively, with a detection range of 8-300 pg/mL for presepsin and 3-900 ng/L for sTREM-1. All laboratory investigations were performed at Clinical Pathology Department, AL-Zahraa University Hospital, AL-Azhar University.
statistical design
Continuous data were described in terms of mean ± SD, whereas categorical variables were described in number and percentage. Chi-squared test was used for the comparison of categorical variables while Student's t-test was used to compare between quantitative data. Correlation was used to explore the relationship between quantitative variables. Receiver operating characteristic (ROC) curve was used to assess the best cut-off point with sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV). Significance level was taken at P-value ≤0.05. All analyses were performed using SPSS version 16 (SPSS Inc., Chicago, IL, USA).
Results
Sixty full-term neonates were included in the study. Thirty of them with clinically suspected sepsis (sepsis group) were compared to 30 postnatal age-and sex-matched healthy neonates (control group). Within sepsis group, 56.7% of neonates had EOS as they developed sepsis within the first 72 hours after birth and 43.3% developed LOS after 72 hours of birth.
The general, clinical, and routine laboratory data of both the studied groups are presented in Table 1 . Neonates of septic group had significant lower mean of gestational age, length, and platelet count than controls. While, they had significant higher mean of total leucocytic count (WBCs) vs control (P<0.05).
When compared between EOS and LOS infants, no statistical significant difference was found in terms of demographic, clinical, and laboratory data (P>0.05) except for platelet count that was lower in EOS than LOS (P<0.05) (Table S1 ).
Blood culture was positive in 90.0% of all septic neonates (Figure 2A) . Klebsiella pneumonia was the most isolated causative organism of sepsis (44.4%) followed by coagulasenegative Staphylococci and Acinetobacter (26.0% and 22.2%, respectively) ( Figure 2B) .
CRP, presepsin, nCD64, and sTREM-1 levels were significantly elevated in septic neonates vs control group (P<0.05) ( Table 2 ). Abbreviations: ROC, receiver operating characteristic; MFI, mean fluorescence intensity; PPV, positive predictive value; NPV, negative predictive value; nCD64, neutrophil cD64; sTReM-1, soluble triggering receptor expressed on myeloid cells-1.
No significant differences was detected in in CRP, presepsin, nCD64, and sTREM levels between EOS and LOS groups (P>0.05). There was a significant difference between each group vs control group (Table S2) .
According to blood culture results, the sepsis group was subdivided into proven sepsis (with positive blood culture) and probable sepsis (with negative blood culture). The levels of CRP, presepsin, nCD64, and sTREM-1 in both the groups showed significant difference for CRP only, while there was significant difference between the levels of all biomarkers vs control group separately (Table S3) .
Sensitivity, specificity, PPV, and NPV for each marker, and their combinations are summarized in Table 3 , using optimal cut-off values.
ROC curve for CRP, prespsin, sTREM-1, nCD64, and combined (prespsin, sTREM-1, and nCD64) for early detection of NS ( Figure 3A) . Figure 3B shows the ROC curve for combined (CRP, nCD64), (CRP, sTREM-1), and (CRP, sTREM-1, nCD64).
There were significant positive correlations between CRP with either sTREM-1 or nCD64 and also between sTREM-1 and nCD64 (Table 4) .
Discussion
Sepsis is the second most frequent direct cause of death among neonates. It is obvious that early diagnosis and timely treatment of NS are vital to prevent severe and lifethreatening complications and decrease the emergence of antibiotic resistance and financial burden for family and society. 15 This study included 30 clinically septic neonates and 30 control neonates. Within sepsis group, EOS was higher (56.7%) than LOS (43.3%). This observation was constant with previous studies. 16, 17 Blood culture is considered the gold standard for the diagnosis of NS. In the current study, 10% of neonates with clinically suspected sepsis had negative blood cultures. This was in accordance with a study done by Ng and Lam, who reported that blood culture sensitivity in NS varies from 11% to 78%. 18 Also, Du et al reported that out of the 88 suspected septic neonates, pathogenic organisms were isolated from only 23% of their blood cultures. 19 In the present study, K. pneumonia was the most frequent isolated organism from blood of neonates with sepsis (44.4%) followed by coagulase-negative Staphylococci (26%). This was in agreement with the studies of De Benedetti et al and Dzwonek et al, in which nearly half of the positive blood cultures grew K. pneumonia. 20, 21 On the contrary, Osman et al demonstrated that the most common isolated organism from septic neonates was coagulase-negative Staphylococci (17.5%) followed by Staphylococcus aureus (12.5%) and K. pneumonia (10%). 22 This difference may be attributed to variation in local epidemiology and the microbial etiology of sepsis in addition to different care practices between medical centers.
In the current study, the presepsin level was significantly higher in sepsis group than control group (P<0.05). AUC for presepsin was higher (0.95) compared to CRP (0.79). The cut-off value at 767 pg/mL showed a sensitivity of 100% and specificity of 86.7%. The PPV and NPV were 84.4% and 100%, respectively, while the comparable figures for CRP were lower (85.2%, 39%, 67.6%, 64%, respectively), suggesting the potential utility of presepsin as a reliable marker for early diagnosis of NS.
These findings were in accordance with Małgorzata et al who demonstrated that the mean value of presepsin in septic newborn was significantly higher than control. 23 Similarly, in 2016, Topcuoglu et al found significant higher presepsin levels in preterm infants with LOS vs controls. 24 Moreover, they claimed that presepsin could be used as a useful marker to monitor treatment response, as its levels decrease over time with treatment.
However, due to the lack of information about presepsin reference range in neonates, many studies reported different cut-off values. 22, 25, 26 Relatively different cut-off values may be due to the use of different measurement methods.
The current study also evaluated sTREM-1 as a diagnostic biomarker for NS. The mean level of sTREM-1 was significantly higher in sepsis group than control group. ROC curve analysis revealed that the cut-off value of sTREM-1 at 69.8 ng/L had 96.7% sensitivity and 86.7% specificity. The PPV and NPV were 83.9% and 92.9%, respectively.
These findings were consistent with a previous study by Adly et al, who reported that elevated sTREM-1 could be considered an early marker for NS and at a cut-off value 310 pg/mL, it has 100% sensitivity and specificity; furthermore, it reflected sepsis severity and poor prognosis. 27 Similarly, Saldir et al revealed that the levels of sTREM-1 in serum of neonates with LOS increased significantly, suggesting that sTREM-1 had a considerable diagnostic performance in LOS and in monitoring the response to therapy thereafter. Neutrophil surface CD64 expression has shown particular promise as an early marker for sepsis. Technically, measurement of nCD64 by flow cytometry is rapid and needs a small blood volume. 29 Moreover, the expression of nCD64 is not affected by transient tachypnea of the newborn, respiratory distress syndrome and other non-infective perinatal events. 30 In the present study, nCD64 was significantly higher in infected neonates than control group (P<0.05); and AUC was 0.78 with sensitivity and specificity of 86.7% and 73.3%, respectively. The PPV and NPV were 72% and 69.2%, respectively, with best cut-off value ≥44.3 MFI.
Our results were in concordance with Morsy et al who revealed in an Egyptian study that nCD64 increased significantly in sepsis group compared to the control group with a sensitivity of 95%. 31 Similarly, other studies reported increased expression of nCD64 in neonates with sepsis. 32, 33 A meta-analysis by Jia et al also concluded that nCD64 expression can be used as an additional test in the diagnosis of neonatal infection. 34 Different cut-off values for nCD64 were used in several studies with different sensitivities and specificities. 17, 29, 30 These differences might be explained in several ways, such as the differences of the studied populations or the technical differences in the measurement methodology among different studies.
In our study, upon comparing the diagnostic performances of the studied three markers, presepsin had the best performance followed by sTREM-1 and lastly nCD64.
Similarly, nCD64 showed a lower diagnostic performance compared with presepsin in many clinical studies. 8, 35, 36 Also, the results of a meta-analysis by Shi et al indicated that the nCD64 should not be used as a diagnostic marker alone for NS. 37 In comparison with nCD64, sTREM-1 in the present work had better performance. On the contrary, the study by Mazzucchelli et al reported that sTREM-1 showed less diagnostic accuracy than nCD64; however, that study was performed on preterm neonates with LOS. 38 In the present study, AUC for the combination of the three markers was 0.94; sensitivity, specificity, PPV, and NPV were 96.3%, 77.8%, 84.4%, 100.0%, respectively, at the same cut-off values, which could add a value to the diagnostic performance of nCD64 as it increased both the sensitivity and specificity. But for presepsin and sTREM-1, the combination decreases both the sensitivity and specificity.
Combinations of different biomarkers may improve their sensitivity and/or specificity. Individually, they may not possess high sensitivity or specificity and are generally more helpful when considered together because sepsis is a complex and dynamic syndrome. 29 In the present study, the concomitant measurement of nCD64 with CRP alone or even with sTREM-1 improved the sensitivity (96.3% and 100%, respectively), but it was at the expense of specificity (22.2% and 77%, respectively). Significant positive correlations between both the biomarkers nCD64 and sTREM-1 and CRP were also observed. These results clarified that this combination could be helpful in guiding decisions to start empirical antibiotic therapy but not in taking decisions to withhold antibiotic therapy.
These results were in accordance with other studies by Sabryetal and Sarode et al. 39, 40 However, Morsy et al found no significant correlation between CRP and CD64 in cases with NS.
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Conclusion
Presepsin, sTREM-1, and nCD64 levels were significantly higher in septic neonates than healthy controls, suggesting their potential use for screening and early diagnosis of NS in routine clinical situations. Either presepsin or sTREM-1 was a superior diagnostic marker for the early detection of NS; they can be used individually, while nCD64 should be combined with other markers (as CRP and hematological markers) that enhance its diagnostic accuracy for NS. However, the availability of daily testing, cost, and turnaround time of biomarkers in clinical laboratories would be somewhat dependent on the institutional resources. Future studies on larger scale should be applied.
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